Lactose (milk sugar) is a fermentable substrate. It can be fermented outside of the body to produce cheeses, yoghurts and acidified milks. It can be fermented within the large intestine in those people who have insufficient expression of lactase enzyme on the intestinal mucosa to ferment this disaccharide to its absorbable, simple hexose sugars: glucose and galactose. In this way, the issues of lactose intolerance and of fermented foods are joined. It is only at the extremes of life, in infancy and old age, in which severe and life-threatening consequences from lactose maldigestion may occur. Fermentation as part of food processing can be used for preservation, for liberation of pre-digested nutrients, or to create ethanolic beverages. Almost all cultures and ethnic groups have developed some typical forms of fermented foods. Lessons from fermentation of non-dairy items may be applicable to fermentation of milk, and vice versa.
Introduction
Lactose (4-O-b-D-galactopyranosyl-D-glucose) is a disaccharide sugar composed of glucose and galactose. It is unique to mammalian milks, which vary from almost undetectable concentrations in marine mammals to 7 g=100 ml in mature human milk. It is the first dietary sugar to which newborns are exposed. Lactose itself is a fermentable substrate, first being hydrolysed by facultative or anaerobic microorganisms, allowing for anaerobic metabolism of the resultant simple sugars.
When dietary lactose is not hydrolysed into its component simple sugars in the small intestine, so that the latter can be absorbed across the intestine and used for fuel in the body, a situation of lactose maldigestion is produced. The lactose passes out of the small bowel in its intact, undigested form and enters the large intestine. There it serves as a fermentable substrate for the colonic microflora. This maldigestion and failure of small intestinal uptake of this sugar sets up the conditions for lactose intolerance. Lactose intolerance is the symptoms of discomfort produced by undigested lactose passing through the lower reaches of the intestinal tract. Lactose and its split products serve as osmotically active molecules, drawing secretion of water into the intestinal lumen to balance the osmolarity pressures. This accumulation of water produces dehydration and electrolyte imbalance on the systemic side and watery stools on the intraintestinal side. The fermentation of the sugar adds a gaseous component to the process; evolution of carbon dioxide, hydrogen and methane produce the bloating, cramping and flatulence (Stephens et al, 1983) .
Lactose, and the foods that contain it, are under fire from a number of fronts in terms of dietary guidance and public policy. In the United States, government-supported institutions organize the meals they serve to cover the recommended nutrient intakes and dietary pattern. The US-based Consumer Advocate Group, Physicians' Committee for Responsible Medicine, has taken on the US Department of Agriculture in legal action over the issue of the Food Pyramid and its recommendation for a range of daily servings of dairy foods, and for their inclusion of these foods in governmentsponsored feeding programmes such as school lunches. They argue that the Afro-American population (and other nonwhite minorities) have genetic lactase non-persistence, and that milk-based beverages can produce intolerance.
Responding to this public discussion at the dawn of the twenty-first century may not be easy. The 'golden age' of lactose intolerance research began in the 1960s, and was advanced with the advent of the hydrogen breath test (Solomons et al, 1979) . If the representation of lactoserelated research at major human biology scientific meetings is any guide, this field of inquiry has now gone into a major decline. The programme of the American Society for Nutritional Sciences and Experimental Biology 2001 listed only three free papers on lactose intolerance (Vonk et al, 2001; Wissler, 2001; Valois et al, 2001 ).
Fermentation and human nutrition
Fermentation is a means of obtaining energy from carbohydrate without the presence of molecular oxygen, ie in anaerobic conditions. The molecular products are shortchain acids and alcohols. Further metabolism can produce water, carbohydrate, hydrogen and methane. Fermentation will proceed wherever the appropriate carbohydrate substrates are in contact with microorganisms (bacteria, yeast) under favourable conditions of pH and low oxygen tension. With respect to the human diet, there are two foci for fermentation: (1) inside the body in the intestine; and (2) outside the body in food preparations.
With respect to the latter, fermentation is an important adjunct to getting the full nutritional value from carbohydrate-rich foods. It is well known that dietary fibre and resistant starch are impervious to intestinal digestion. Even ordinary starch in an undenatured (raw) condition is difficult to digest. Fermentation of fibre, resistant starch and conventional starch in food processing will enhance the ability of monogastric animals, such as humans, monkeys, cats and pigs, to digest and make use of the carbon molecules for energy metabolism.
Most animals with large intakes of plant protein have long and large intestinal tracts with specialized chambers for fermentation. Hence, ruminant animals, such as sheep, goats and horses, have no difficulty in utilizing these substrates for fuel, as their rumen stomachs are essentially fermentation chambers. The carbohydrates are fermented, and the split products are absorbed and metabolized as fuels. Humans, however, are omnivores with a relatively low intestinal capacity for fermentation.
The biological anthropologist, Dr Loren Cordain, has argued eloquently that the price that hominoids paid for the evolution of their larger relative brain size to become humans was to sacrifice 40% of their intestinal mass (Cordain L, personal communication, 2001 ). His argument is one of energetics. Primitive hominids had proportionally longer large intestines which were much better fermenting chambers than the colon of contemporary man. The brain consumes a great quantity of metabolic energy. As the human brain enlarged in evolution (encephalization), the intestinal mass was sacrificed.
Such a sacrifice of intestine for cerebrum was not a bad trade-off, as it allowed us to be the species to create literacy, civilization and technology. It made Homo sapiens more dependent on technology, however, because we were no longer grazing animals. We invented weapons to hunt and provide a meat supply. We invented tools with which to harvest roots and fruits to provide more tasty and digestible plant tissue. It allowed us to create fire, and cook nuts, seeds and tubers to render the starch more digestible. It eventually allowed us to create food processing using ex vivo fermentation to produce an array of fermented food items as well as alcoholic beverages (Table 1) .
Some generalizations can be made about fermented meals in human cuisine in terms of their chemical nature. They are generally soured (acidified) with the accumulation of organic acids, but occasionally produce ethanol as well. The processing leaves additional, pre-digested nutrients. More often than not, special mixtures of fermenting microorganisms are added as starter culture to guarantee a standardized formulation.
Dairy foods and human lactase polymorphism
Human cultural evolution was also a factor in the dietary availability of lactose. It was only 40 000 years ago that humans domesticated milk-producing animals and the pastoralist age began (Simoons, 1970) . The pastoralists were nomads who led their herds from one pasture area to another. The continued to have elements of hunting and gathering, but complemented their diet with the milk of their animals, often (as mentioned above) in the form of cheese and fermented milks. The dawn of the pastoralist age was also the advent of the opportunity to have lactose in the human diet after infancy. The factor of genetic polymorphism of lactase persistence became a dietary factor in the last 40 millennia (Simoons, 1970) .
Geographic distribution of lactase non-persistence
The geographic distribution of lactase non-persistence has been mapped worldwide (Flatz, 1987) . Over 75% of adults in the world are lactose-non-persistent. This range from less than 5% in Denmark, Britain and Holland in northern Europe to >90% in China, Korea, Thailand, and among the Yoruba of Nigeria and Native Americans of North America. Such individuals are lactose-maldigesters with oral challenges of 10 g or more of the sugar in a given dose (Table 2) .
Nutritional context of lactose intolerance
For a conference being held in Mexico City and a paper written by an investigator based in Guatemala, a MesoAmerican (or wider developing-country) perspective on lactose intolerance as a factor in human eating behaviour and nutrition must be introduced. Two points are salient when we extrapolate from the lactose intolerance literature and concepts of Western societies to the developing world: (1) the formats of milk consumption; and (2) the expectations of 'dietary' comfort. Since milk is pasteurized to be microbiologically safe and packaged for storage in refrigerators, which are ubiquitous in developed societies, milk is generally consumed at refrigeration temperatures in affluent nations in temperate climates. The example of a format for enjoying milk promoted by the US dairy industry is a frosty, cold glass of liquid milk. The cold milk can also be flavoured with chocolate, malt or strawberry flavours when used as a beverage. It becomes even colder with frozen elements when used for desserts, as in milk shakes, ice milk and ice cream. A reasonable hypothesis might be that the temperature of food conditions tolerance to lactose.
In developing countries, without refrigeration -or even pasteurisation -formats of milk at room temperature or heated are more the mode. Table 3 illustrates the various formats for dairy consumption at these temperatures which are dominant in Third World settings. These were also the motifs for milk in Europe and the US before the advent of electricity, refrigeration and urbanization.
The other point of interest is the generalization about the hedonic aspects of eating. With affluence, Western palates and minds look to eating as an epicurean experience with vibrant flavours and appealing colours and textures to meals. For the poor, marginated populations of developing countries, satisfying hunger and obtaining the energy for daily labours may be the set-point for their aspirations for a meal. Similarly, the postprandial comfort that is derived may also be in less demand in deprived settings than it is in more affluent ones.
In an essential sense, life is not without hardship, and it certainly is not without discomfort. Prior to the last century, childbirth involved pain, daily existence involved drudgery, and the daily fare contained poorly digestible food items. The bar of expectations of comfort was low. The crest of technology, however, raised the bar. We use epidural anaesthesia to ease the suffering at delivery. Labour-saving devices have proliferated in both the home and the work-place to reduce the demands for hard, physical effort. Thus it is not surprising that anti-gas medications and avoidance of legumes and milk rejection would arise to temper our experience of flatulence. Trowell and Burkitt (1978) marvelled at the ability of East African children to produce a defecation 'on demand', attributing it to the high consumption of dietary fibre. If one wants to have one modest, dry stool every one or two days, then there are lots of foodsaside from milk and its lactose-rich derivatives -that should not be on the menu.
The societies that highlight lactose intolerance are pampered societies. Intestinal comfort after a meal may be in the mind of the beholder. The general issue of lactose intolerance may be due as much to the 'Westernization of epicurean expectations' than to the physiology of the large intestine.
Background gastrointestinal symptoms
If the basic, day-to-day (background) gastrointestinal symptoms experienced by populations in developing societies are substantial, it will place the physiological effects of lactose fermentation into a special context. Too little information is available on lactose intolerance as a barrier to milk consumption in developing societies. There are legitimate reasons to suspect that more cramps, gas and loose stools are the daily fare in low-income countries. Their diets are richer in fibre with more fermentable substrate (non-lactose) reaching the colon. Helminthic and protozoal infections are common, changing the motility and secretion physiology of the gut.
We could hypothesize a series of alternative scenarios for the imposition of lactose maldigestion on the background state of intestinal symptoms: (1) stoicism or insensitivitypopulations may become 'inured' to discomfort and this could make the added symptoms from a lactose challenge Fermentation, fermented foods and lactose intolerance NW Solomons into a physiological non-issue; (2) conditioned hypersensitivity -pre-existing intestinal insults such as helminths, tropical enteropathy may have sensitized the gut to greater experience of discomfort, and even a small challenge with lactose becomes the straw that breaks the camel's back. There is some empirical support for a higher background of level of discomfort in developing country populations that can be gleaned from the literature. In a field study on lactose tolerance in Mexican adults, the authors (Lisker et al, 1980) performed a classical design of providing lactosecontaining and lactose-hydrolysed milk and inquired about gastrointestinal symptoms experienced after the dose. There were significantly fewer symptoms experienced with the lactose-free beverage, as would have been expected. However, they went an interesting step further, in asking the same subjects as to their symptoms on a day when they had consumed no beverage at all. Interestingly, the subjects reported experiencing a substantial incidence of the index symptoms on what can be considered 'any given day'. In fact, their symptoms were more severe with no beverage than with the lactose-free milk, suggesting that the latter was 'soothing' to intestinal sensation. So Lisker's design produced an insight that gastrointestinal symptoms are a matter of routine in rural Mexico, but whether this allows people to be more stoic about lactose-induced discomfort or more sensitized and intolerant cannot be divined from this experience. Keusch et al (1969) demonstrated in 1969 that Thai sailors fed one litre of milk daily for several months: (1) did not express more intestinal lactase (ie no 'induction'); but (2) did have fewer symptoms after exposure. Recently, variant confirmations of this phenomenon have appeared. Pribila et al (2000) in 2000 showed that African-American adolescent girls had lower rates of flatulence and bloating symptoms after a 0.35 g=kg challenge of oral lactose after 21 days of daily ingestion of 33 g of dietary lactose as milk, cheese and ice cream.
Fermenting begets tolerance

Beyond discomfort to health consequences of lactose intolerance
Certain life-cycle considerations make lactose intolerance more than simply an issue of discomfort. At the extremes of life (infancy and old-age), lactose maldigestion and intolerance may have major importance for health.
In infancy, incomplete lactose digestion in breast-fed babies is normal and natural (MacLean & Fink, 1980) . Human milk has a 6% lactose content and up to 40% is normally maldigested. One can tell a breast-fed from a formula-fed infant by the characteristics of their stools. Those infants on human-milk diets have the familiar greenish, pasty and aromatic stools, due to the lactic acid bacteria (LAB) predominance. These are supported by undigested lactose acting as a 'prebiotic'. These LAB represent a more protective flora (Naidu et al, 1998) .
However, when carbohydrate maldigestion occurs acutely, it can produce adverse diarrhoea, and lactose feeding during diarrhoea can aggravate purging. The lactose content of breast milk as maternal milk is not a danger. In formulas, however, the combination of a gastroenteritis and excessive lactose loads can result in both secretory and osmotic diarrhoeal purging. Fragile circulatory and metabolic regulation of young infants places them at greater risk of hypotensive shock and metabolic acidosis, both life-threatening complications.
More insidious metabolic consequences of excessive lactose maldigestion have been detected in early life. Chronic sugar malabsorption has recently been reported to be associated with a 12% increase in resting metabolic rate (Valois et al, 2001) . In theory, this could impede weight gain of the infants and condition undernutrition. In this preliminary report from Florida, no long-term outcome findings were reported.
The other extreme of life is advanced age. The adaptive mechanisms respond more slowly and less completely. A major bout of lactose-induced osmotic diarrhoeal diathesis in a fragile elderly person could have at least two threatening consequences. On the one hand, older people have precarious glucose regulation. The diarrhoea-induced malabsorption of meals due to lactose maldigestion could block absorption of its energy. This could lead to hypoglycaemia, and the latter to light-headedness, fainting and falls increasing risk of long-bone fractures or head injuries. On the other hand, older people have precarious circulatory performance: the osmotic load of maldigested lactose could produce acute purging associated with circulatory collapse (hypovolemic shock) or reduced arterial perfusion and ischaemia (stroke, myocardial infarction, renal tubular necrosis). So under certain conditions of lactose load, lactose maldigestion and sensitivity, debilitating or life-threatening consequences could result from lactose intolerance.
One issue of middle-life (adults) that must be addressed as well is whether lactose intolerance is a 'trigger' for functional bowel disease (FBD) symptoms (irritable colitis; spastic colitis). Should lactose be withdrawn in FBD? The literature does not provide a clear answer. This author participated in a double-masked, cross-over study of lactose-reduced vs nonreduced diets among Mexican patients with FBD (Lisker et al, 1989) . Subjects kept symptom diarrhoeas. No benefits of a low-lactose regimen were demonstrated. However, diatheses of symptomatic periods of FBD may be set off by episodes of cramping, and a response to an excess lactose load might trigger the increased severity of symptoms.
Management of lactose intolerance
The management of lactose intolerance, preventing symptoms in sensitive individuals, is relatively simple. The measures are not excessively cumbersome or expensive, and Fermentation, fermented foods and lactose intolerance NW Solomons most allow the maintenance of an individual's intake of milk and dairy products. A series of options can be listed (Table 4 ).
Alcohol and lactose do not mix
Remembering that ethanol is the result of fermentation, its dietary interaction with milk and lactose is worthy of mention. Galactose is toxic to the crystalline lens. Children with congenital galactosemia form dense cataracts early in life. A hepatic epimerase enzyme converts galactose to glucose on the first post-absorptive pass. Two ounces of ethanol inhibits epimerase action allowing high levels of galactose to circulate following a milk and alcohol meal (Kern & Heller, 1968) . In this way, galactose can infiltrate the lens and produce oxidative damage leading toward opacification.
A series of mixed drinks and liqueurs are popular: White Russian, (vodka and cream); sombrero (Kalhua and milk); Brandy Alexander (brandy and cream); and Bailey's (coffee liqueur and cream). Logically, chronic consumption of these beverages could damage not only the liver, but also the lens and visual function.
Future directions for inquiry
For fermentation as part of processing foods, a number of issues are only partially addressed and merit further exploration. Yoghurt contributes its enzymes beta-galactosidase to the cause of lactose digestion when consumed with other lactose sources. Should food science consider whether or not there are any interactions of non-dairy fermented foods and dairy lactose? That is, can other fermented dishes also contribute enzymes to the cause of pre-digesting or in situ digestion of poorly digestible carbohydrates?
There is also the question of in vivo fermentation of food residues. In an evolutionary sense, the colon was meant to ferment. Granted, the host experiences a certain degree of discomfort when fermentation occurs in the large bowel. As colonic diseases are common in Western society, it is reasonable to inquire whether colonic health would improve with even more exposure to fermentable substrates. Is there a specific relation to the specific classes of fermenting flora and any fermentation-induced protection of the large bowel in humans?
Research is already advancing on issues of prebiotics and probiotics as protective dietary factors, specifically whether any benefits of immune regulation are derived from the probiotic axes. Bovine colostrum is another milk derivative with a potential role for intestinal protection and systemic immunoregulation (Hoerr & Burwick, 2000) .
Unresolved concerns
The most 'notorious' popular concern about milk drinking is the risk of lactose intolerance. As illustrated, this can be managed in a variety of effective ways to eliminate any discomfort. The extent that the discomfort from lactose fermentation is a deterrent to milk consumption in less educated and acculturated populations, moreover, remains unquantified. All in all, lactose intolerance may be more of a distraction than a serious health issue.
The scientific literature presents more compelling challenges to the practice of milk drinking by humans, including its potential association with risk of prostate cancer (Chan et al, 2001) or cataracts. Moreover, traditional concepts about bone health as dependent upon high intakes of dairy sources of calcium are being reconsidered. The public is also concerned about the zoonotic (bovine spongiforme encephalopathy) and non-zoonotic (aphthous fever) bovine diseases, which raise suspicion about the safety of the dairy cow as a source of food for human consumption. These newer challenges merit redress, and by a monolithic attention on the issue of lactose intolerance, we retard a comprehensive understanding of the dietary role of dairy products.
